As alternative forms of medicine have become increasingly popular, research on the health benefits of meditation has grown. Specifically, Mindfulness Meditation, Transcendental Meditation, and Qigong have been shown to be effective in treating psychological disorders, enhancing immune function, and in delaying disease progression in patients diagnosed with HIV, the varicella-zoster virus, and dermatomyositis. This paper briefly reviews the historical background of the many forms of meditation and examines in detail the effects meditation has on several markers of immune function including Natural Killer cell activity, Blymphocytes, telomerase activity, and CD8+ T-cells.
Introduction

A Brief Introduction to Meditation
Despite rapid advances in health care recently, more traditional forms of treatment have gained popularity, as many people, dissatisfied with modern medicine, have been attracted to alternative therapies. One explanation for this shift may be the increase in the median age of the population, as well as the heightened attention on chronic illness and deaths related to individuals' lifestyles [1] . Another explanation may lie in the postmodern thesis [2] . In brief, this thesis suggests a negative correlation between social change and individuals' faith in science and technology. As the pace of societal change increases, individuals are less certain that advances in science and technology will solve society's problems. This includes scepticism about medicine's ability to address individual health problems. This may help to explain why one of humanity's oldest forms of spiritual and therapeutic practice-mediation-has become increasingly popular, especially in the West. This popularity has spurred a substantial amount of research interest as well.
Meditation first emerged in Eastern cultures many centuries ago, as an integral part of both Hindu and Buddhist religious practice. Though the exact time of origin is unknown, the earliest written references to meditation date as far back as the ancient Indian Vedas-a collection of Hindu scriptures written between 1500 and 1000 BCE. By 500 BCE, new forms of meditation began to develop in Buddhist India and Taoist China. Buddhism, in particular, propelled the spread of meditation throughout Asia, and the development of the Silk Road expedited its transmission westward beginning around the First Century CE [3] .
However, interest in Eastern forms of meditation did not truly take root in America until the post-War period. In the 1960's, the Hippie subculture emerged, initially as a resistance movement to the Vietnam War. In time, this movement grew frustrated with American materialism, social conservatism and Middle-Class cultural norms in general. As part of this 'rebellion,' Hippies embraced the use of psychoactive drugs and Eastern spiritual practices as means of achieving 'higher' levels of consciousness [4] . Simultaneously, the United States also saw the arrival of Eastern Spiritual teachers due to an expansion of Soviet influence in India, the Cultural Revolution in China, the Communist Chinese takeover of Tibet and Mongolia, and an increase in the political influence of Chinese Communism in Korea and Southeast Asia [5] . Thus, both internal cultural changes and external social/political events led to an opening to Eastern meditative practices in the West.
With its introduction to the West came investigations into the potential health benefits of meditation. Most notable among these early investigations was the work of Jon Kabat-Zinn (whose studies will be discussed in more detail later). Kabat-Zinn's approach sought to isolate the healthrelevant, materialist or 'secular' aspects of meditation. While this was important scientifically, an unintended by-product of it (among the general public, at least) was a glossing over of important cultural or religious distinctions among different meditative forms. Such 'Westernizing' or 'Americanizing' of meditation created definitional challenges as various Eastern practices were lumped into one, often over-simplified, category [6] . While acknowledging that the distinctions outlined in this review are still rather general, it is important to recognize that at least three distinct forms of mediation have been found to have important health implications: Mindfulness Meditation, Transcendental Meditation, and Qigong.
Mindfulness Meditation
One of the earliest standardized forms of Mindfulness Meditation began in 1979 with Jon Kabat-Zinn's creation of the Mindfulness-Based Stress Reduction (MBSR) program [7] . In brief, mindfulness is one of the stages listed in Buddha's eightfold path-designed as a pathway to enlightenment and, in turn, a prescription to end suffering. The eight divisions of the path, focusing on ethical conduct, mental discipline, and wisdom are as follows: right understanding (samma ditthi), right thought (samma sankappa), right speech (samma vaca), right action (samma kammanta), right livelihood (samma ajiva), right effort (samma vayama), right concentration (samma samadhi), and mindfulness (samma sati). It should be noted these divisions are not dependent on one another and not intended to be followed in a linear fashion [8] . Mindfulness is achieved when the individual develops an uninvolved awareness of his or her body, sensations, feelings, and states of mind [9] . Mindfulness does not equate to thought suppression. Instead, an individual who has reached a state of mindfulness has a non-elaborative awareness of thoughts, feelings, and sensations. Thus, passing thoughts or feelings are acknowledged but in a detached, non-judgmental way [10] . In doing so, the individual is able to free their attention and fully experience all aspects of life, coping with negativity in a healthy way. Kabat-Zinn based his 8-week program on this definition, suggesting it be used to accompany modern medicine in the management of stress-related disorders and chronic pain.
While the underlying mechanisms that make Mindfulness Meditation effective are not fully understood, researchers believe shifts in self-regulation, values clarification, and cognitivebehavioural flexibility play important roles [11] . Through self-regulation, individuals free themselves from maladaptive behaviours and ruinous thoughts by gaining authority over their responses. Mindfulness equates to being fully present in the moment, requiring skill in sustained attention and switching of attention [10] . Sustained attention consists of maintaining focus on the present, while attention switching requires bringing attention that has strayed back to the present. This allows individuals to understand and disengage from passing thoughts and behaviours, keeping their attention in the 'immediate now'.
Similarly, values clarification allows individuals to rediscover their own values, rather than the values of society. Through the discovery of these values, individuals develop greater skill in mastering their thoughts and actions in a manner congruent with their beliefs. Cognitive and behavioural flexibility evolve in conjunction with self-regulation and values clarification. By disciplinging one's thoughts with self-regulation and changing one's behaviours through values clarification, individuals become more flexible and adaptive in their responses. Rather than initiating autonomic or reactive responses, individuals become aware of the present situation, evaluate its importance, and excercise greater skill in choosing beneficial reactions.
A by-product of mindfulness practice is often an increase in the breadth of one's emotional experience. By enhancing one's awareness of sensory, cognitive, and behavioural states, individuals allow themselves 'space' to consciously process and understand their emotional reactions rather than having those emotions overwhelm them. Gaining insight into one's emotional reactions leads to a recognition that those reactions are temporary and tolerable, subsequently reducing fear and feelings of defeat.
In sum, while Mindfulness Meditation as practiced today is often heavily 'Americanized,' in his original implementation of the MBSR, Kabat-Zinn intertwined Buddhist teachings with Western culture to construct an effective intervention program. The program has gained widespread acceptance. As of 2015, almost 80% of medical schools in the United States implemented some form of mindfulness training for their students [12] . Additionally, research supports the effectiveness of such interventions, as they have been shown to have positive effects on stressrelated ailments, psychiatric disorders, and disease symptomatology [13] [14] [15] .
Transcendental Meditation
Similarly, Transcendental Meditation (TM) is another type of stress reduction technique, focused on the integration of the mind and body. During the process of transcending, individuals utilize a mantra-a sound without meaning repeated within the mind-to quiet their thoughts until their mind reaches the silent state of transcendental consciousness. The mantra is used as a focal point for the individual, allowing all other thoughts to be disregarded. If the individual is successful, the body will enter transcendental consciousness wherein it is calmed and quieted. The individual's heart rate and breathing begin to slow, counteracting the increases typically seen during a stress response [16] . This quieted physiological state can have positive impacts on stress related ailments and diseases. Most notably, research has shown that TM may improve outcomes for those diagnosed with hypertension, cardiovascular disease, and high cholesterol [16] [17] [18] [19] .
Qigong
Qigong, which includes slow, coordinated movements, controlled breathing, and meditation is yet another method implemented to improve the relationship between the breath, the body, and the mind [20] . Controlled movements are meant to strengthen and stretch the body, while controlled breathing and meditation are used to quiet the mind, inducing a state of relaxation. More recently, medical Qigong has been developed as a variation of the traditional Chinese technique, with the sole intent to treat and cure disease. In this variation, practitioners employ qi in their treatment of illnesses [21] .
While qi has not been scientifically verified, it is believed to be a vital life force that flows through meridians, or channels, in the body. The movements and meditation associated with Qigong are thought to increase the flow of qi, promoting balanced energy and health within the individual, while strengthening performance of both the mind and body [22] . As with Mindfulness and Transcendental Meditation, Qigong has several documented benefits including the treatment of psychosomatic disorders and hypertension while also reducing sympathetic nervous system activity (flight or fight responding) and enhancing parasympathetic activity through increasing individuals' relaxation response [23, 24] .
Though the mechanisms may only be partially understood, it seems clear that meditative practices such as MBSR, TM, and Qigong have positive self-reported health effects. An important step in further elucidating these mechanisms is to investigate the physiological implications of meditative practices. Recently, a considerable amount of research attention has focused on meditation and immune system function. It appears that one of the pathways by which meditative practices improve health is by enhancing immune function.
Results
Meditation and Immune Function
A wide array of research has been conducted examining the relationship between meditation and immune function. From the outset, it should be understood that immune function can be complex and mere increases in immune cell numbers or activity do not necessarily mean that health or healing are significantly improved. However, bolstering immune function is typically advantegous to health, and activities (such as mediation or exercise) that appear to do that are often encouraged by health practioners.
Mind and body share a bidirectional relationship. Psychoneuroimmunology is a term used to describe the interaction between psychological factors, the central nervous system, and the neuroendocrine system [25] . In reference to the relationship between the central nervous system and the neuroendocrine system, animal research has shown that brain lesions in the left and right hemispheres produce different effects on immune function [26] . In addition, it has also been shown that these two systems utilize a biochemical language consisting of shared hormones, neurotransmitters, and cytokines, to effectively communicate [27] . Furthermore, psychological factors, such as stress and emotions, influence the brain-immune relationship. Specifically, acute stressors enhance immunity while chronic stressors suppress immune function [28] .
Regulation of the Immune System
The up and down regulation of immune function may be seen as an adaptive mechanism regulated by stress hormones. The chronic release of stress hormones can create an allostatic load (a form of physiological 'wear and tear') producing immune system dysfunction and suppression [29, 30] . For instance, chronic stress impairs immune system response [31] as well as triggering inflammation [32, 33] . Specifically, elevated corticotropin releasing hormone (CRH) provokes the production of pro-inflammatory cytokines [34] . Negative emotions can also suppress immune function through their tendency to promote telomere shortening and increased NFkB activity [35] [36] [37] [38] . However, as mentioned earlier, mind-body effects are bi-directional. The stress-reduction and positive affect associated with meditative practices can undo many of the physiological reactions leading to inflammation and reduced immune function brought on by negative emotions and stress.
Inflammation and Meditation
As previously mentioned, chronic stress suppresses immune function. One pathway through which this occurs is the inflammatory response. In brief, immune cells produce inflammatory cytokines-proteins that regulate the immune response to injury and infection-which have either pro-inflammatory or anti-inflammatory effects. Pro-inflammatory cytokines promote inflammation as an early defence against injury or infection. These cytokines consist of interleukin 1 (IL-1), interleukin 6 (IL-6), interleukin 8 (IL-8) and tumor necrosis factor (TNF)-α [39] . In addition, C-reactive protein (CRP) is an acute inflammatory protein, which acts as a marker of inflammation due to an increase in CRP levels when inflammation occurs [40] . Specifically, IL-6 stimulates the production of CRP [41] . Nuclear factor kappa B (NFκB) also plays a role in inflammation. NFκB is responsible for mediating the synthesis of pro-inflammatory cytokines [42] . Like CRP, NFκB activity is increased with inflammation. The chronic elevation of NFκB activity is associated with inflammatory diseases such as inflammatory bowel disease, arthritis, and atherosclerosis.
Chronic elevation of pro-inflammatory cytokines hinders the body's ability to heal wounds and fight infections as well as increasing individuals' risk for ailments such as heart disease, type 2 diabetes, and osteoporosis [43] . Furthermore, elevated IL-6 and CRP are associated with an increased risk of cardiovascular disease and mortality [40] . Psychological stress is known to elevate both IL-6 and CRP [37, 44] , thus producing increased levels of circulating pro-inflammatory cytokines [45] [46] [47] , dampening the immune response to infection and injury [39] In this way, mindfulness practices protect the immune system from the stress-and emotion-triggered physiological processes that degrade it. Meditation's benefits, however, go beyond just being protective. Evidence indicates that it can enhance immune function as well.
Natural Killer Cells, B-lymphocytes, and Meditation
Meditation enhances immune function through different mechanisms. Several studies have shown that different forms of meditation result in an increase in natural killer (NK) cells and Blymphocytes. NK cells are white blood cells that target and kill stressed or abnormal cells, playing a role in tumour prevention and serving as an early defence against viral infections. A decrease in these cells may result in the development or progression of different forms of cancer, acute and chronic viral infections, and various autoimmune diseases [59] . Similarly, B-lymphocytes are responsible for antibody production, which attack invading viruses, toxins, and bacteria. In addition, B-lymphocytes also regulate homeostasis through wound healing, rejection of transplants, and the activation of T-cells [60] .
Regarding the association between these immune components and meditation, research has shown an increase in NK activity in healthy individuals who practiced a form of yoga entailing TM mediation techniques [61] . Eight advanced yoga instructors were directed to engage in different forms of meditation. Specifically, the instructors participated in a form of rhythmic breathing, called pranayama, which was then followed by a period of meditation using a mantra, similar to that used in TM. NK activity was then measured through blood samples collected at the beginning and end of each activity. It was found that NK cell activity was increased during pranayama, correlated with a significant increase in alpha wave activity in the brain signalling a state of reduced stress. Therefore, researchers concluded that the stress reduction associated with rhythmic breathing is capable of increasing NK activity, strenghtening immune function.
In addition, the regular practice of TM has been shown to affect the number of circulating Blymphocytes and NK cells [62] . Researchers compared anxiety levels and immune cell activity between a group of advanced TM practitioners and a control group, consisting of participants unfamiliar with yoga or meditation. Both groups consisted of healthy individuals, following a Mediterranean diet. While there was no significant difference in anxiety levels, blood samples revealed thatTM practitioners had more B-lymphocytes and NK cells than the control group. This raises the possibility that TM could bolster immune function leading to an increased ability to combate infection and disease. However, given the scarcity of studies directly addressing this issue, empirical validation of this is yet to be firmly established.
In contrast, Qigong has been shown to reduce the proportion of NK cells, while increasing the number of B-lymphocytes [63] . In this study, participants consisted of forty-three healthy, nonathlete university students, who had no previous experience with yoga or meditation. Twenty-five participants were instructed to attend a qigong class for thirty minutes three times per week, lasting for one month. Researchers encouraged these participants to practice additional qigong outside of class, but did not require it. Eighteen individuals composed the control group who received no Qigong training or practice. Blood samples from all participants were collected when the study began, after the last Qigong class concluded, and an additional sample was collected one month after the classes ended. Immediately after the last Qigong session, the experimental group had a lower percentage of NK cells. However, this group also had a higher number and percentage of B-lymphocytes. The reduction in NK cells could be due to the movement component present in Qigong. NK cells are known to be more sensitive to exercise, depending on several factors such as intensity, duration, and the time between activity and blood collection [64] . By contrast, Blymphocytes are hypothesized to be more sensitive to relaxation [65] . Thus, the reduction in NK cells may not be entirely unexpected given the nature of Qigong.
It is important to note that similar research, while not finding significant evidence for a change in NK cells, did find an increase in the cytotoxic activity of the NK cells [66] . Blood samples collected immediately after a Qigong intervention showed an increase in the cytotoxicity of NK cells but no change in the number of NK cells present, with the increase in cytotoxicity lasting for two hours post exercise. An increase in cytotoxicity allows the NK cells to more effectively diminish threatening cells. In sum, this evidence suggests that TM and Qigong significantly influence NK cells and B-lymphocytes, positively altering immune function.
Telomeres, Telomerase Activity, and Meditation
Meditation has also been found to positively influence telomerase activity in immune cells. Human DNA consists of caps, called telomeres, located on the end of each chromosome. These 'caps' can offer protection from cellular deterioration and senescence, which occur when a telomere becomes too short, preventing cellular division [67] [68] [69] . Oxidative damage is known to shorten telomeres, a condition significantly associated with cell aging and higher rates of mortality in humans [70, 71] . Other factors that affect telomere length include age, poor diet, sedentary lifestyles, lack of sleep, smoking, overconsumption of alcohol, and psychological stress.
Telomerase is an enzyme responsible for regulating telomere length. Increasing telomerase levels, which in turn increases its activity, provides a buffer against the degeneration of telomeres associated with oxidative damage [67] . While this enzyme is abundant in stem cells [72] , it is generally found in very low levels or not at all in somatic cells [73, 74] . Research has shown that physical exercise and a healthy body mass index (BMI) may promote telomerase [75, 76] . Additionally, meditation may be associated with longer telomeres [35, [77] [78] [79] [80] [81] [82] and increased telomerase activity [81] [82] [83] [84] [85] . In one study, for example [85] nearly one hundred healthy individuals participated in a yoga and meditation intervention five times per week for twelve weeks. While blood samples did not show a substantial change in telomere length, telomerase activity was significantly increased compared to baseline levels.
A similar effect was found in individuals diagnosed with breast cancer. Lengacher et al. [84] implemented a MBSR program with breast cancer survivors. As with healthy individuals, the breast cancer survivors showed no difference in telomere length but telomerase activity was significantly increased when compared to the control group. While more research is needed to fully understand the mechanisms responsible for this change, increased telomerase activity in response to yoga and meditation may be due to the relationship between telomerase and cortisol levels [82] . Stress responses trigger a release of CRH further increasing oxidative damage [34] . As previously stated, meditation may decrease stress, anxiety, and depression, all of which increase cortisol levels and lower telomerase activity [70, 86] . While a relationship among meditation, telomeres, and telomerase activity exists, further research will likely be necessary to unravel the exact mechanism(s) at work.
CD8+ T-Cells and Meditation
Another biological indicator of the positive effects of meditation on immune system function is the activity of CD8+ T-cells. These are white blood cells responsible for removing damaged and infected cells, preventing the spread of viruses and cancers. These cells are known to increase as a result of strenuous exercise [87] . During periods of prolonged physical stress, such as the stress of vigorous exercise, the presence of CD8+ T-cells in the blood is known to increase. However, in the recovery period after prolonged stress, CD8+ T-cells drop below baseline leading to immune system suppression and increased vulnerability to infection. Some evidence suggests [88] that by moderating the initial CD8+ T-cell increase under stress, meditation can reduce the recoveryperiod immune system suppression and therefore the individual's vulnerability to infection.
Similarly, meditation has also been documented to increase the antibody response to injections of the influenza vaccine, in correlation with increase activation of anterior, left-hemisphere areas of the brain [89] . Anterior left-hemisphere brain activity is known to be associated with positive emotions [90] as well as increases in NK cell activity [91] . Davidson et al. recruited twenty-five individuals to practice meditation for an eight-week period, followed by an injection of the influenza vaccination. As expected, participants experienced greater left-sided brain activation both immediately after and four months after the intervention as compared to controls. In addition to the brain activation, meditators also showed a significant increase in antibodies to the influenza vaccination when compared to the control group. This suggests that meditation has the capability to bolster acute immune response to infection.
Disease Progression and Meditation
Several studies report a significant effect of meditation in the treatment of various diseases. In HIV positive individuals, meditation has been shown to increase T-cell counts [92] , as well as NK cell numbers and activity [93] . While the specific mechanisms responsible for these increases are unknown, researchers suggest that the reduction in depression and stress-reducing effects of meditation may play a key role. Specifically, MBSR interventions have been shown to decrease depression and negative affect in healthy individuals [94] , as well as HIV positive individuals [95] . This relationship is further supported by evidence demonstrating the adverse effects of stress and depression on HIV acceleration, including immune suppression and deceleration of CD4+ Tlymphocyte levels [96] [97] [98] . It should be noted that HIV progression is measured by an individual's CD4+ T-cell counts, with lowered levels signifying progression of the disease [99] . These lymphocytes are responsible for the activation of other immune cells, such as B-lymphocytes and CD8+ T-cells, which destroy damaged and infected cells. A depletion of CD4+ T-lymphocytes, as seen in HIV, leaves the body susceptible to a wide array of viruses, as well as an accelerated progression of HIV [100] . Research has demonstrated that meditation may delay HIV progression by safeguarding against the destruction of CD4+ T-lymphocytes by the virus and in some cases, increasing the amount present [101] [102] [103] . Additionally, Robinson et al. [93] found evidence of increased NK cell numbers and cytotoxic activity of cells of HIV positive individuals following a MBSR intervention. Therefore, through meditation's stress-reducing effects, it has the potential to significantly slow the progression of HIV by enhancing immune function.
Single-subject designs have also been used to study the effects of meditation on disease progression and immune function. While these studies have obvious limitations, they can be advantegous in that symptomological severity and change can be mapped in detail. One such study revealed the ability of an experienced meditator to modulate her immune system after being injected with the varicella-zoster antigen, better known as the virus responsible for chickenpox and shingles. Through meditation and the direction of "healing energies" to the site of injection, the individual successfully delayed skin hypersensitivity and inhibited lymphocyte response to the varicella-zoster antigen [104] .
Another single-subject study used two forms of mind-body intervention to help a patient recovering from dermatomyositis, an inflammatory disease leading to muscle weakness and itchy, painful rashes. Specifically, transcendental meditation and visual imagery were shown to lead to remission by improving arm strength and reducing rash and pain on the hands [105] . As with HIV, psychological stress has negative implications for dermatomyositis through immune suppression. While the specific cause of this disease is unknown, its etiology is similar to that of autoimmune diseases. Consequently, stress reduction acquired through meditation has the ability to effectively improve immune function, reducing the symptomology associated with the disease.
Conclusions
Practicing meditation has several benefits, including reducing the severity of psychological disorders and stress-related ailments, increasing immune function, and delaying the progression of various diseases. Researchers have found that Mindfulness Meditation, Transcendental Meditation, and Qigong interventions have positive effects on individuals' NK cell activity and proportions, B-lymphocyte numbers, and telomerase activity, while also keeping CD8+ T-cell numbers stable during times of high stress. In addition, meditation has also been shown to increase antibody response in individuals injected with the influenza vaccine. Similarly, HIV positive individuals practicing meditation showed increased T-cell and NK cell counts and NK cell activity, slowing the progression of the virus. Similarly, positive effects have also been observed in an individual injected with the varicella zoster antigen as well as a patient diagnosed with dermatomyositis. However, an important limitation of these findings needs to be acknowledged: the extent to which these positive effects in immune function are robust enough to prevent disease, significantly speed healing, or increase longevity is still largely unknown. Definitively answering these questions requires further empirical work.
While still very much in its infancy, scientific studies of meditation are providing compelling evidence of the relevance of the mind-body connection in human health. In times past, ritual and spiritual practices were humanity's primary forms of health care. With the advent of modern medicine, those practices have often been dismissed as part of our irrational, superstitious past. We note with a bit of irony, that it is science itself which offers validation for the effectiveness of these practices (at least in under some circumstances). Furthermore, science offers a mechanism by which meditative practices reap their physical rewards. By altering attitudes, perceptions, and cognitions, meditation reduces stress, which in turn strengthens immune function. A more robust immune system is advantageous to health, healing, and longevity. 
